INTRODUCTION
The imbalance between free radicals and the body's ability to detoxify or repair cells results in cell death and oxidative stress, causing extensive damage to biological molecules. In order to prevent such oxidative stress and damage, the search for new antioxidants from natural sources is always recommended in health (Kwak & Lee 2014 ). The mugwort plant, Artemisia argyi H. of the genus Artemisia, is a perennial herbaceous plant widely distributed in most of Eastern Asia. It has been used to treat abdominal pain, hematemesis, chronic hepatitis, anorexia, chronic gastroenteritis caused by sedation, convulsions, paralysis, and systemic stiffness as folk remedies in the Korean peninsula (Bae 2003; Lee et al. 2000) . Seomae mugwort (Korean Artemisia argyi H. Lé v. & Vaniot, SM) is grown in Namhaegun province, Republic of Korea (ROK), which has favorable conditions for cultivation, such as sea breezes and abundant sunshine (Ha et al. 2012 ). The genetic and morphological characteristics of the plant are different from Artemisia argyi, which is ubiquitous in East Asia and has been registered as a local-specific resource in the Korean Forest Service variety protection registration (No. 42, 2013, 09. 27) (Ha et al. 2015 ).
It has been well known that the A. argyi plant contains various types of phytochemicals, including polyphenols (Park et al. 2009; Carvalho et al. 2011) . The polyphenols of the plant have been well characterized (Han et al. 2017 ). The polyphenols in the SM plant were characterized in our recent study, and about 14 polyphenol compounds have been reported: five hydroxycinnamates (two caffeoylquinic acid isomers, dicaffeoylquinic acid, 3,4,5-Otricaffeoylquinic acid, calcelarioside A), eight flavonoids (6,8-di-C-glucosylapigenin, 6-Carabinosyl-8-C-glucosylapigenin, two amentoflavone isomer, kaempferol-3-O-rutinoside, kaempferol-3-O-glucuronide, quercetin-dimethyl -ether, skullcapflavon Ⅱ), and one lignan (secoisolariciresinol) (Kim 2016 (Pandino et al. 2012) . In this regard, it may be worthwhile to investigate the effect of harvest season on active components; the resulting data will be useful for processing them as high-quality, functional products.
Herein, we determined to investigate the differences in the polyphenols of SM plants and their antioxidant activity over a period of four months (May to August) by using liquid chromatography-tandem mass spectrometry (LC-MS/ MS).
MATERIALS & METHODS

Chemicals and reagents
All the reagents and standards used were analytical grade. Amentoflavone, apigenin, catechin, caffeic acid, flavone, kaempferol, and quercetin were purchased from Sigma-Aldrich Co. (St -------------------------------------------------- 
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Louis, MO, USA), recrystallized in methanol, and used as external standards. The purity of all standards was ascertained by LC to be > 99%. Reagents for the antioxidant activity assays were also purchased from Sigma-Aldrich Co. All solvents used were obtained from Duksan Pure Chemical Co. Ltd (Ansan, Republic of Korea).
Plant collection, sample extraction, and preparation
The SM plants were collected between May and August of 2017 from Namhae-gun, Gyeongsangnam-do, Republic of Korea, dried under shade, and powdered. From each sample, 100 g were refluxed in 70 % methanol (1.5 L) for 20 h. The mixture was filtered through a Büchner funnel and concentrated to approximately 300 mL at reduced pressure at 35°C, using a rotary evaporator. The concentrated filtrate was washed with nhexane (300 mL × 3) to remove nonpolar impurities. The filtrate was extracted using ethyl acetate (100 mL × 3), and dried over anhydrous MgSO 4 . The solvent was removed under reduced pressure. The sticky residue was placed on top of a silica gel solvent (40 × 2.5 cm) and eluted with ethyl acetate to eliminate highly polar impurities. The solvent was then removed to yield solids of polyphenol mixture (19.8% for May, 19.4% for June, 10.3% for July, and 17.6% for August); 1 mg/mL of each sample was prepared in 80% aqueous methanol, filtered, and taken for analysis.
HPLC and ESI-MS/MS Analysis
HPLC analysis was conducted using a 1200 series HPLC system (Agilent Technologies, Palo Alto, CA, USA) with a Multiple Wavelength Detector (MWD) set at 254, 280, 320, or 360 nm. The column used was Prontosil C 18 column (4.6 × 250 mm, 5 μm, Bischoff Co., Leonberg, Germany) which was set at 35°C. A binary mobile phase system consisting of 0.5% formic acid (solvent A) and methanol (solvent B) was used. The gradient condition used was 0-10 min, 15% B; 10-15 min, 15-20% B; 15-25 min, 20% B; 25-30 min, 20-25% B; 30-60 min, 25-45% B; 60-65 min, 45-70% B; 65-70 min, 70-15% B. The flow rate was maintained at 1 mL/min, and the volume of sample injection used was 10 μL in each experiment. The ESI-MS/MS analysis was conducted using a 3200 QTrap tandem mass system (Sciex LLC, Framingham, USA), and the obtained data was analyzed using BioAnalyst™, version 1.4.2.
Quantification method
Polyphenol mixtures from each sample (as per collection month) were quantified using LC-UV chromatograms (at 280 nm) with seven selected standards (amentoflavone, apigenin, catechin, caffeic acid, flavone, kaempferol, and quercetin) according to the method reported elsewhere (Kim 2016) .
Antioxidant activities
The antioxidant activity of the polyphenol mixtures from each sample was evaluated in terms of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, [2,2`-azinobis-(3-ethylbenzo -thiazoline-6-sulfonate)] (ABTS) cation-radical scavenging activity, superoxide anion radical (O 2 -) scavenging activity, and ferric-reducing antioxidant potential (FRAP) assay according to the previously reported methods (Choi et al. 2018; Liu et al. 1997 ).
Statistical analysis
Data were analyzed statistically by one-way analysis of variance (ANOVA), and the appropriate mean values were separated using the Duncan's multiple range test at p < 0.05.
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RESULTS & DISCUSSION
LC-MS/MS analysis
LC-MS/MS analysis was conducted under the conditions described in a previous study (Kim 2016 ; the LC-chromatograms obtained for each sample for harvesting time are shown in Figure  1 . The 14 peaks for the polyphenols are labeled in order based on their retention time (t R ), and structural characterization of each polyphenol was done using [M-H] -data, MS/MS fragmentations peaks, and available literature data. The 14 peaks were characterized as five hydroxycinnamtes (caffeoylquinic acid isomer (1), caffeoylquinic acid isomer (6), dicaffeoylquinic acid (10), 3,4,5-O-tricaffeoylquinic acid (11), and calcelarioside A (14)), eight flavonoids (6,8-di-C-glucosylapigenin (2), 6-C-arabinosyl-8-Cglucosylapigenin (3), amentoflavone isomer (5), amentoflavone isomer (7), kaempferol-3-Orutinoside (8), kaempferol-3-O-glucuronide (9), quercetin-dimethyl-ether (12), and skullcapflavon Ⅱ(13)), and one lignin (secoisolariciresinol (4)). Their structural characterization has been discussed in detailed in Kim (2016) .
Quantification method
Quantification of the characterized polyphenols was done using the calibration curves obtained from representative external standards, as described in the earlier study (Kim 2016) . Satisfactory validation data were obtained for all the considered parameters. All 14 polyphenols were detected in each sample with significant differences in concentration. The concentration of each polyphenol in SM with respect to the different harvest periods is summarized in Table 1 . The highest total polyphenol content was found in samples collected in June, followed by that in May, and the least was found in August. There were also significant differences in the content of individual polyphenols during the sample harvesting time. For example, for compound 13, the highest content was observed in July, the least in May. For compound 8, the highest content was observed in August, the least in May. In each case, caffeoylquinic acid derivatives (1, 6, 10) and amentoflavone isomers (5, 7) are the compounds that were identified as abundant. Overall, the result indicated clear differences of total and individual polyphenol contents in SM in terms of harvesting time.
Antioxidant activities
The antioxidant activity of the plant samples differed with various experimental conditions, such as solvent, temperature, pH, and radical type; therefore, for reliable evaluation, an assay combining a variety of in vitro methods is required (Choi et al. 2018) . In this study, the antioxidant -------------------------------------------------- SIFT DESK activity of the polyphenol mixture isolated from the Seomae mugwort was assayed by means of DPPH•, ABTS•+ scavenging, superoxide anion radical-scavenging activities, and reducing power by FRAP assay. The results obtained from the assays are summarized in Table 2 . Effective concentration (EC) values were calculated from regression lines using five different concentrations (50 to 1000 μg/mL), and radical scavenging activity was calculated as the sample concentration required to scavenge 50% of the radical species. FRAP activity was measured at 200 μM equivalent weight of FeSO 4 ·7H 2 O. Because EC and reducing power are relatively inverse to the antioxidant activity of the compound, the lower values indicate higher antioxidant activity (Choi et al. 2018 ).
The antioxidant activity measured via the DPPH• method provides evidence similar to that found from by the ABTS•+ and superoxide anion radical scavenging activities. The antioxidant activity of the polyphenol mixture increased in a dose-dependent manner (data not shown). The antioxidant activity was significantly higher in samples harvested on June, followed by May, July, and August, except for the superoxide anion radical scavenging (Table 2) , for which the sample harvested on June to July (269.05~293.91 μg/ mL) was the highest, followed by May (357.25 μg/mL) and August (518.70 μg/mL). This activity order is roughly in accordance with the total polyphenols contents according to the harvest seasons. It depends on the contents of the hydroxyl cinnamates and flavonoids, which were the major polyphenol components (see Table 1 ). Among the hydroxyl cinnamates and flavonoids, caffeoylquinic acid derivatives and amentoflavones are especially known to possess various pharmacological activities, including antioxidant, anti-viral, anti-depressant, and anti-inflammatory effects (Miyamae et al. 2011; Zhang et al. 2011) . Considering the fact that caffeoylquinic acid derivatives and amentoflavones are major components and their well-known pharmacological activities, the antioxidant activity in SM should be attributed to them. -------------------------------------------------- tests. DPPH•, α,α-diphenyl-β-picrylhydrazyl; ABTS•+, 2-2ʹ-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) Each value represents the mean ± standard deviation (n = 4).
*
Effective concentration (EC, μg/mL) values were calculated from regression lines using five different concentrations (50 to 1000 μg/mL), and was defined as 50% scavenging activity for DPPH, ABTS, and superoxide anion radical. ** EC (μM) value for the reducing power by FRAP assay was measured at 200 μM equivalent weight of FeSO 4 ·7H 2 O.
CONCLUSIONS
The differences in content and antioxidant activities of polyphenols in the SM plants collected over a period of four months (May to August) were analyzed. A total of 14 polyphenols were detected. The samples collected in June (138.64 mg/kg) were found to be the richest in polyphenols and showed the highest antioxidant activities. Hence, high-quality, functional products can best be made from SM plants harvested in June.
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